Lower functional outcome scores and a significantly higher rate of complications have been noted in patients using opioids prior to total knee arthroplasty, 31 and depression has been linked with a variety of medical complications after total hip and knee arthroplasty in a nationwide database. 22 Mood disorders and preoperative narcotic use also have been associated with increased opioid requirements and extended pain in patients after major 34 Identification of variables that may negatively affect outcomes provides surgeons with the necessary information to appropriately counsel patients before surgery and potentially pursue nonoperative treatment if the risks are too great.
This study sought to examine risk factors and their association with complications and reoperation after elective foot and ankle reconstruction. We hypothesized that preoperative alcohol, narcotic, or tobacco use, mood or chronic pain disorders, and obesity or diabetes are significant risk factors for complications after foot and ankle reconstruction.
Materials and Methods
Institutional review board approval was obtained from the University of Tennessee Health Science Center before study commencement. Consecutive patients who had total ankle replacement, ankle arthrodesis, or hindfoot arthrodesis from 2011 to 2013 were identified. Three fellowship-trained foot and ankle orthopaedic surgeons performed all procedures. Charts were reviewed at a minimum of 2 years after primary operations. Exclusion criteria were age under 18 years or acute traumatic injury requiring primary arthrodesis.
One hundred and thirty-nine operative cases were included (132 patients; 135 feet). Three were bilateral procedures, 2 were revisions 12 months after the index procedure (primary ankle arthrodesis followed by total ankle arthroplasty for nonunion), and 1 patient who had bilateral ankle arthrodesis required subsequent hindfoot triple arthrodesis bilaterally. Average follow-up was 1.5 years (range = 0.1-3.9 years), and all but 1 patient (with a complication described below) had a minimum 1 year follow-up.
Each patient completed a health history form before surgery that included information on age, sex, BMI, etiology, and comorbidities, such as diabetes, chronic pain (treated with opioids by a physician), mood disorders (depression, anxiety), tobacco use, alcohol use (2 or more drinks per day), and preoperative narcotic use (within 3 months before surgery). The health history forms were retrospectively reviewed, and all subsequent patient visits were reviewed to note primary outcomes, complications, and reoperations.
A major complication was defined as infection, nonunion, or hardware failure requiring revision or reoperation; otherwise, the complication was considered minor. Superficial wound infection and delayed wound healing were difficult to distinguish from chart review and were grouped together as wound complications. Painful hardware was not considered a complication.
Statistical Analysis
SPSS version 22 (IBM, Armonk, NY) was used for statistical analysis. For dichotomous data, bivariate logistic regression was performed initially, and significant variables were used for multivariate analysis. For continuous and categorical data, Student's t test and Fisher's exact test were used, respectively. P values less than .05 were deemed significant.
Results
Forty-one complications (39 operative cases) were identified, giving a complication rate of 28% (39/139; Table  1 ). Nine patients had major complications, including 3 infected nonunions and 3 aseptic nonunions of ankle arthrodesis requiring revision ankle arthrodesis or conversion to total ankle replacement. Additionally, one triple arthrodesis nonunion and one subtalar arthrodesis nonunion required revision, and a triple arthrodesis that became infected ultimately required amputation. The patient who elected for amputation was lost to follow-up 1 month after the initial procedure, and 2 weeks after the amputation. Reoperations were required in 24 of 139 (17%) operative cases; however, 13 of 139 (9%) were for elective hardware removal due to painful hardware.
Patients who consumed 2 or more alcoholic beverages per day were over 3 times more likely to have a complication in this cohort (54%; 7/13), and patients with any narcotic consumption 3 months before surgery were nearly 2½ times more likely to have a complication (40%; 20/50). These factors were significant in both bivariate and multivariate models (Table 2) .
When complications were subdivided into major and minor, alcohol consumption was nearly 5 times more likely to predict a minor complication, while tobacco use and chronic pain disorder were over 5 times more likely to result in a major complication in bivariate analysis. Despite being a significant factor when complications were considered as a whole, preoperative narcotic use was not predictive of a major or minor complication. No factor was significant in a multivariate model for major complications. There were no significant risk factors for reoperation. However, older patients were less likely to undergo reoperation, that is, on a linear scale the risk of operation increased with age. Remaining results from logistic regression analysis of major and minor complications and reoperation are shown in Tables 3 to 5 . Significant associations were noted between alcohol use and wound complications. Tobacco use, preoperative narcotic use, and chronic pain disorder were significantly associated with deep infection. Preoperative narcotic use was significantly associated with nonunion, and a trend toward significance was noted in tobacco use (Table 6 ).
Discussion
Self-reported alcohol use of 2 drinks or more per day was associated with significantly increased risk of complications in this study; however, all were minor complications, and there was no significant association with nonunion. Wound complications were significantly more common with alcohol use. Narcotic use within 3 months of an elective ankle or hindfoot reconstruction also put the patient at greater risk of a complication. Over a third of our cohort (50/139) had taken opioid pain medication before surgery, and 40% (20/50) of those patients ultimately had a complication. Deep infection and nonunion, in particular, were significantly more common with preoperative narcotic use. All patients with a diagnosis of chronic pain disorder used opioid pain medication prior to surgery, which was a risk factor for a major complication and deep infection. Although tobacco use was not a risk factor for all complications in our cohort, there was a significant association with deep infection and a trend toward significance was noted with nonunion. It should be mentioned that our study was not powered to determine risk factors, specifically for deep infection. Other variables were not found to be risk factors for complications after ankle and hindfoot reconstruction, including age, sex, BMI, etiology, diabetes, or mood disorder.
Our cohort consisted of patients who had similar but not the same ankle and hindfoot reconstruction. Procedures varied in implants used, incisions, dissections, and postoperative courses. The literature is clear that some of the included procedures have more risk of complication, and some variables influence these risks differently depending on the procedure performed. [1] [2] [3] 8, 11, [13] [14] [15] 35, 36 We did not seek to establish complication rates for specific procedures but rather to evaluate understudied potential risk factors for surgery in a large cohort of patients with similar pathology.
Basic science evidence exists that supports alcohol use as a risk factor for nonunion; the mechanism of alcoholinduced osteopenia associated with chronic consumption has been shown to occur through suppression of new bone formation. 37 No evidence of this was noted in our study, although wound complications were frequent in patients who reported alcohol use. Confounding variables, including malnutrition and end-organ damage from alcohol consumption or noncompliance due to intoxication, may have contributed to this association with wound complications.
Deep infection and nonunion were significantly associated with preoperative narcotic use, and a significant correlation was noted between chronic pain disorder and deep infection. All too often, foot and ankle surgeons face the problem of controlling postoperative pain in patients who are not opioid naïve. 38 A previous study by our group of these same patients showed that preoperative narcotic use was significantly correlated with increased risk of continued pain and increased and extended narcotic use after foot and ankle surgery. 26 It is possible that narcotic use was associated with other known risk factors 5,9,13,14 for deep infection or nonunion, such as a history of infection or prior surgery, but these were not examined in this study. Also, a history of infection in patients with chronic pain disorder may have contributed to deep infection occurring in these patients after foot and ankle surgery.
Smoking is a well-known risk factor for complications after foot and ankle surgery. 1, 8, 11, 35, 36 Although others have suggested tobacco use as a risk factor for infection after ankle arthroplasty and arthrodesis, a significant correlation has thus far not been established. 2, 8, 13 However, a significant correlation between smoking and deep infection was noted in our study, although our study was underpowered in this regard. Smoking is known to have an adverse effect on tissue oxygenation and to inhibit wound healing, which is the basis for the hypothesis that smoking is a risk factor for nonunion. Multiple studies have supported this notion for ankle and hindfoot arthrodesis, 1, 8, 11, 35, 36 but again, our study was not powered to determine this association.
Patients with a diagnosis of diabetes mellitus have been reported to have an increased risk for complications after total ankle arthroplasty, 3, 13, 15 but a significant association has not been consistently found with ankle and hindfoot arthrodesis. 1, 2, 14 Obesity has been shown to be a risk factor for increased complications after ankle arthroplasty and arthrodesis, but this was not the case in our study. 18 Preoperative depression and anxiety also have been found to increase complications in elective hip, knee, and spine surgery, [20] [21] [22] 26, 31 but a similar association was not seen in elective foot and ankle surgery.
Our study has several limitations that must be mentioned. As mentioned previously, our cohort consisted of patients who had similar, but not the same ankle and hindfoot reconstruction. Revision procedures were included as well, which could contribute to increased risk of complication, but many other patients in our cohort had prior surgery to varying degrees and we elected to include all procedures. The study was retrospective, and preoperative data relied on the medical history given by patients, allowing for the possibility that some information could have been withheld, such as illicit drug use or alcohol abuse. Additionally, we were unable to reliably quantify the amount of preoperative alcohol, tobacco, and narcotic use prior to surgery. Our study relied on retrospective review of records, and although consideration was given to asking patients about their amount of consumption prior to surgery, we felt this would introduce significant recall bias. The presence of complications also obtained from chart review relied on accurate diagnosis of complications by the treating surgeon. Some known risk factors for complications were not included because they were not present in our cohort or could not be accurately obtained from the medical records, including prolonged operating room time and lack of patient compliance. Prospective studies with increased power to control for all necessary confounding variables would be useful.
Foot and ankle surgeons have the difficult task of deciding which patients will benefit from surgery and avoid complications that may require reoperation. It is common practice to require tobacco cessation, weight loss, and tight glycemic control before surgery, and this study suggests that reducing alcohol consumption and discontinuing narcotic intake may diminish the risk of complications as well. Patients should be counseled regarding their risk, and referral to substance abuse specialists may be appropriate for some patients. 
